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(57) ABSTRACT

An RFID tag 1s provided that includes an RFIC chip having

a first connection terminal and a second connection terminal,
a first electrode electrically connected to the first connection
terminal of the RFIC chip, a capacitance element connected
in series to the first electrode and the RFIC chip, and
short-circuit parts connecting the first electrode and a ground
at an intermediate position of an electrical length of the first
clectrode. Moreover, the electrical length of the first elec-
trode 1s a half of a wavelength of a communication 1ire-
quency of the RFIC chip, the first connection terminal of the
RFIC chip 1s connected to the first electrode at a position
within one third of the electrical length from an end portion
of the first electrode, and the second connection terminal of
the RFIC chip 1s connected to the ground.
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Fig.10B

Fig. 11A
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1
RFID TAG

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application 1s a continuation of PCT/JP2019/
048067 filed Dec. 9, 2019, which claims priorty to Japanese
Patent Application No. 2019-098741, filed May 27, 2019,

the entire contents of each of which are incorporated herein
by reference.

TECHNICAL FIELD

The present mvention relates to an RFID (Radio 1fre-
quency Identification) tag that 1s a wireless communication
device used for performing article information management,
and the like, 1n a non-contact manner using short-range
wireless communication.

BACKGROUND

Conventionally, 1n a system performing article informa-
tion management, communication 1s performed between an
RFID tag attached to an article and a reader device reading
tag information of the RFID tag by using an electromagnetic
field 1n a non-contact method so as to manage information
related to the article.

In determinming a resonance frequency of an antenna in an
RFID tag, for example, i1 only one resonance mode exits as
in a microstrip antenna, the RFID tag 1s limited in use due
to a narrow resonance ifrequency band. Additionally, for
example, 1f the RFID tag 1s attached to a metal surface, the
resonance frequency band becomes narrower.

Therefore, a method of combining two resonances 1s
utilized for widening the resonance frequency band. This
method 1s implemented by combining different modes of
resonance. For example, 1f a microstrip antenna 1s 1n a dipole
mode, a monopole mode 1s combined therewith. However,
the monopole mode leads to occurrence of a null point
causing a change 1n direction of a current on the antenna,
which weakens directivity 1n a communication direction.
For example, Patent Document 1 (1dentified below)
describes a two-resonance antenna attached to a metal
surface.

FIG. 13 shows a VSWR (Voltage Standing Wave Ratio)

characteristic of a two-resonance antenna 1n which an inter-
mediate point of a planar antenna having a half wavelength
A2 of a wavelength A of a communication frequency 1s
short-circuited 1n Patent Document 1. FIG. 13 shows that the
antenna in Patent Document 1 resonates at two positions
near 3400 MHz and 4600 MHz. FIG. 14 shows directivity of
an electric field plane at respective resonance points on the
low frequency side and the high frequency side 1n Patent
Document 1. The directivity shown 1s normalized on the
basis of respective peak maximum values on the low fre-
quency side and the high frequency side.

A characteristic line a on the low frequency side has a
peak of directivity at an angle 0 near the angle of 50°, and
a characteristic line b on the high frequency side has a peak

of directivity at an angle 0 near the angle of 0°.
Patent Document 1: WO 2008/072411.

As shown in FIG. 14, a conventional two-resonance
antenna has a peak angle of directivity on the high frequency
side shifted from a peak angle of directivity on the low
frequency side. Therefore, when an RFID tag 1s disposed on
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2

an article 1n accordance with the directivity on the high
frequency side, the directivity on the low frequency side 1s
reduced.

SUMMARY OF THE INVENTION

Therefore, 1t 1s an object of the exemplary embodiments
of present invention to address the problem described above.
As such, an RFID tag 1s provided having characteristics of
a two-resonance antenna and improved directivity.

According to an exemplary aspect of the present invention
an RFID tag 1s provided that includes an RFIC chip having
a first connection terminal and a second connection terminal;
a first electrode electrically connected to the first connection
terminal of the RFIC chip; a capacitance element connected
in series between the first electrode and the RFIC chip; and
short-circuit parts connecting the first electrode and a ground
at an intermediate position of an electrical length of the first
clectrode. Moreover, the electrical length of the first elec-
trode 1s a half of a wavelength of a carrier frequency of the
RFIC chip, the first connection terminal of the RFIC chip 1s
connected to the first electrode at a position within one third
of the electrical length from an end portion of the first
electrode, and the second connection terminal of the RFIC
chip 1s connected to the ground.

According to the RFID tag of the present invention, an
RFID tag 1s provided having characteristics of a two-
resonance antenna and improved directivity.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A 1s a schematic perspective view showing an
RFID tag of a first exemplary embodiment.

FIG. 1B 1s an enlarged view of a portion of FIG. 1A.

FIG. 2 1s an equivalent circuit diagram of the RFID tag of
the first exemplary embodiment.

FIG. 3 1s an explanatory diagram showing that a null point
of an RFID tag moves.

FIG. 4 1s a graph showing a VSWR characteristic of the
RFID tag of the first exemplary embodiment.

FIG. § 1s a graph showing directivity of the RFID tag of
the first exemplary embodiment.

FIG. 6 1s a graph showing a VSWR characteristic of an
RFID tag of a comparative example.

FIG. 7 1s a graph showing directivity of the RFID tag of
the comparative example.

FIG. 8A 1s an explanatory diagram for explaining an angle
of directivity.

FIG. 8B 1s an explanatory diagram for explaining an angle
of directivity.

FIG. 9 1s an explanatory diagram showing a simulation
model.

FIG. 10A 1s a plan view showing a direction of a current
at the time of resonance on the low frequency side 1n a
comparative example.

FIG. 10B 1s a plan view showing a direction of a current
at the time of resonance on the high frequency side 1n the
comparative example.

FIG. 11A 1s a plan view showing a direction of a current
of resonance on the low frequency side of a simulation
model.

FIG. 11B 1s a plan view showing a direction of current of
resonance on the high frequency side of the simulation
model.

FIG. 12 1s a side view showing a RFID tag of a modifi-
cation.
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FIG. 13 1s a graph showing a VSWR characteristic of a
two-resonant antenna of a conventional example.

FI1G. 14 1s a graph showing directivity of the conventional
two-resonance antenna.

DETAILED DESCRIPTION

An RFID tag according to an exemplary aspect includes
an RFIC chip having a first connection terminal and a second
connection terminal, a first electrode electrically connected
to the first connection terminal of the RFIC chip, a capaci-
tance element connected 1n series to the first electrode and
the RFIC chip, and short-circuit parts connecting the first
clectrode and a ground at an mtermediate position of an
clectrical length of the first electrode. Moreover, the elec-
trical length of the first electrode 1s a half of a wavelength
of a carrier frequency of the RFIC chip; the first connection
terminal of the RFIC chip 1s connected to the first electrode
at a position within one third of the electrical length from an
end portion of the first electrode; and the second connection
terminal of the RFIC chip 1s connected to the ground.

According to this exemplary aspect, since the capacitance
clement 1s connected 1n series between the first electrode and
the RFIC chip, the current distribution of the first electrode
can be changed. As a result, a null point located at the
intermediate position of the first electrode can be shifted
toward the end portion, and a peak angle of directivity on the
low frequency side can be shifted toward 0°. Therefore, a
gap between the peak angle of directivity on the high
frequency side and the peak angle of directivity on the low
frequency side can be reduced, and the RFID tag 1s provided
having characteristics of a two-resonance antenna and
improved directivity.

In an exemplary aspect, the first connection terminal of
the RFIC chip can be connected to the first electrode via the
capacitance element at a position within one third of the
clectrical length from the end portion of the first electrode.

In an exemplary aspect, an inductance element connected
in parallel to each of the first connection terminal and the
second connection terminal of the RFIC chip can be
included. As a result, an iter-terminal capacity between the
first connection terminal and the second connection terminal
of the RFIC chip can be canceled.

In an exemplary aspect, the first connection terminal of
the RFIC chip can be connected to the first electrode at a
position within one sixth of the electrical length from the end
portion of the first electrode, and the second connection
terminal of the RFIC chip can be connected to the ground at
a position within one sixth of the electrical length from the
end portion of the first electrode. By disposing the RFIC
chip closer to the end portion of the first electrode in this
way, communication characteristics can further be
improved.

In an exemplary aspect, a second electrode facing the first
clectrode can be included as the ground. When the RFID tag
1s attached to a metal article, it 1s only necessary to aflix the

second electrode to a metal surface, so that the attachment
to the metal surface 1s facilitated.

In an exemplary aspect, tan insulating substrate can be
included between the first electrode and the second elec-
trode. The electrical length can be shortened by a dielectric
of the msulating substrate, and the RFID tag can be reduced
n size.

In an exemplary aspect, the first electrode and the second
clectrode can have a rectangular shape, and the electrical
length of each of the first electrode and the second electrode
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4

1s the electrical length 1n the longitudinal direction of the
first electrode and the second electrode.

In an exemplary aspect, respective longitudinal open ends
of the first electrode and the second electrode can be bent to
come closer to each other. As a result, a capacity can be
generated between the respective bent open ends of the first
clectrode and the second electrode.

Moreover, the short-circuit parts can each connect longi-
tudinal intermediate positions of the first electrode and the
second electrode.

In an exemplary aspect, a connection conductor can be
provided that penetrates the insulating substrate to electri-
cally connect the first electrode and the second electrode.
Moreover, the second connection terminal of the RFIC chip
may electrically be connected to the connection conductor,
and the connection conductor may be located at a position
within one third of the electrical length from the end portion
ol the first electrode.

Furthermore, the connection conductor can be located at
a position within one sixth of the electrical length from the
end portion of the first electrode.

An RFID tag according to the exemplary embodiments of
the present invention will now be described with reference
to the drawings. In the drawings, members having substan-
tially the same function and configuration are denoted by the
same reference numeral and may not be described in the
description. To facilitate understanding, the drawings are
schematic representations mainly showing respective con-
stituent elements.

All the exemplary embodiments described below show
specific examples of the present invention, and the present
invention 1s not limited to these configurations. It 1s noted
that numerical values, shapes, configurations, steps, order of
steps, etc. specifically described 1n the following embodi-
ments are merely examples and do not limit the present
ivention.

As used herein for purposes of this disclosure, an “elec-

trical length” 1s a length with a wavelength shortening effect
of a dielectric taken nto consideration.

First Embodiment

An RFID (Radio-Frequency IDentification) tag according
to a first exemplary embodiment of the present invention
will heremafter be described. FIG. 1A 1s a schematic per-
spective view of an RFID tag 10 of the first embodiment.
FIG. 1B 1s an enlarged view of a portion of FIG. 1A. It 1s
noted that in the figures, an X-Y-Z coordinate system 1s for
facilitating understanding of the invention and does not limat
the invention. An X-axis direction indicates a longitudinal
direction of the RFID tag 10, a Y-axis direction indicates a
width direction of the RFID tag 10, and a Z-axis direction
indicates a thickness direction of the RFID tag 10. The X, Y,
and Z directions are orthogonal to each other.

The RFID tag 10 includes a first electrode 12 serving as
a flat plate antenna, a second electrode 14 arranged to
oppose the first electrode 12 as a ground, an insulating
substrate 16 arranged between the first electrode 12 and the
second electrode 14 as a dielectric, an RFIC(Radio-Fre-
quency Integrated Circuit) chip 18, an inductance element
20 connected to the RFIC chip 18, and a capacitance element
22 connected to the RFIC chip 18 and the first electrode 12.
In an exemplary aspect, the first electrode 12 and the second
clectrode 14 are metal plates of copper or aluminum, for
example.

The first electrode 12 has a rectangular main body part
12a, an opening part 1256 formed on one end portion side
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(1.e., an end side or short side) of the main body part 12a, and
a first short-circuit part 12¢ and a second short-circuit part
12d respectively bent toward the second electrode 14 from
two long sides of the main body part 12a 1n a longitudinal
center portion of the main body part 12a. The first electrode
12 has a bent part 12¢ 1n which a longitudinal open end of
the main body part 12a 1s bent toward the second electrode
14.

Since the first electrode 12 has a rectangular shape, the
clectrical length of the first electrode 12 1s a longitudinal
length La of the first electrode 12 including the main body
part 12a and the bent part 12e. Therefore, the longitudinal
length La of the first electrode 12 1s designed to include a
half of a wavelength A of a communication frequency of the
RFIC chip 18. The first electrode 12 1s a field-emission
antenna.

Lower ends of the first short-circuit part 12¢ and the
second short-circuit part 124 are respectively connected to
the second electrode. Therefore, the first short-circuit part
12¢ and the second short-circuit part 124 respectively con-
nect longitudinal intermediate positions of the first electrode
12 and the second electrode 14. The first short-circuit part
12¢ and the second short-circuit part 124 may be bent from
the second electrode 14 side toward the first electrode 12 or
may be members separated from the first electrode 12 and
the second electrode 14 in another exemplary aspect. The
longitudinal lengths of the first and second short-circuit parts
12¢, 124 have any length for adjusting a resonance ire-
quency.

The second electrode 14 includes a rectangular main body
part 14a and a bent part 14e 1n which a longitudinal open end
1s bent toward the first electrode 12. The second electrode 14
may have the same shape as the first electrode 12 as
described above or may have a shape different from the first
clectrode 12. For example, the second electrode 14 may
have the main body part 14a with a wider or narrower area
than the first electrode 12. The first electrode 12 and the
second electrode 14 may have a square shape or a disk shape
other than the rectangular shape. When the first electrode 12
has a disk shape, the electrical length of the first electrode 12
1s the length of the diameter. Therefore, the diameter of the
disc-shaped first electrode 12 has A/2, which 1s a half
wavelength of the communication frequency. In this case,
center points of the first short-circuit part 12¢ and the second
short-circuit part 124 are on the circumierence of the disc-
shaped first electrode 12, and the first short-circuit part 12¢
and the second short-circuit part 124 have a relationship of
mirror 1images with respect to a central axis of a circle. The
respective distances from the first short-circuit part 12¢ and
the second short-circuit part 124 to the RFIC chip 18 are
equal to each other and are equal to or less than tx1/4 of the
wavelength A. When the first electrode 12 has a square
shape, the electrical length i1s the length of one side.

The first electrode 12 has the rectangular opening part 125
on one longitudinal side. As shown in FIG. 1B, the opening
part 126 of the first electrode 12 and a region 16a of a
portion of the insulating substrate 16 overlap 1n a top view.
Therefore, the region 16a of a portion of the insulating
substrate 16 1s exposed.

A wiring part 24 and an electrode surface 26 are formed
on the region 16a of the msulating substrate 16 surrounded
by the opening part 12b. The wiring part 24 1s a conductor
pattern connecting the capacitance element 22 and the RFIC
chup 18. The electrode surface 26 1s provided with a con-
nection conductor 28 penetrating the msulating substrate 16
and electrically connected to the second electrode 14. The
connection conductor 28 1s a through-hole or a via-hole, for
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example. Moreover, the nside of the through-hole or the
via-hole may be plated with a metal conductor or may be
filled with a metal conductor.

The insulating substrate 16 1s an insulating substrate made
of resin or paper, for example, a PET (Polyethylene tereph-
thalate) substrate. Other than PET, a PEN (Polyethylene
naphthalate) substrate or a substrate made of polyimide may
be used 1n another exemplary aspect. The insulating sub-
strate 16 has a rectangular shape or may have a square shape
or a disk shape in accordance with the shape of the first
clectrode 12 and the second electrode 14.

The RFIC chip 18 1s made up of a multilayer substrate
composed of three layers, for example. Specifically, the
RFIC chip 18 1s formed by laminating multiple flexible
insulating sheets made of a resin material such as polyimide
or liquid crystal polymer. The RFIC chip 18 has a structure
in which various elements are built 1n a semiconductor
substrate formed by using as material a semiconductor such
as silicon. The RFIC chip 18 has a first connection terminal
18a and a second connection terminal 185. In the case of the
first embodiment, for example, the first and second connec-
tion terminals 18a, 185 are made up of conductor patterns
tabricated from a conductive material such as copper.

The inductance element 20 1s a chip inductor, for
example. The inductance element 20 has one end connected
to the wiring part 24 and the other end connected to the
electrode surface 26. Therefore, the inductance element 20
1s connected 1n parallel to each of the first connection
terminal 18a and the second connection terminal 185 of the
RFIC chip 18.

According to the exemplary embodiment, the capacitance
clement 22 1s a capacitor chip or a capacitance pattern
formed by wiring, for example. The capacitance element 22
has one end connected to the main body part 12a of the first
clectrode 12 and the other end connected to the wiring part
24. Therefore, the capacitance element 22 1s connected 1n
series to the first electrode 12 and the RFIC chip 18. The
capacitance element 22 has a capacitance of 0.3 pF, for
example.

The first connection terminal 18a of the RFIC chip 18 1s
connected to the first electrode 12 at a position within one
third of the electrical length from an end portion of the first
clectrode 12. The second connection terminal 185 of the
RFIC chip 18 1s connected to the second electrode 14 at a
position within one third of the electrical length from the end
portion of the first electrode 12. The first connection termi-
nal 18a of the RFIC chip 18 may be connected to the first
clectrode 12 at a position within one sixth of the electrical
length from the end portion of the first electrode 12, and the
second connection terminal of the RFIC chip 18 may be
connected to the second electrode 14 at a position within one
s1xth of the electrical length from the end portion of the first
clectrode 12. By disposing the RFIC chip 18 closer to the
end portion of the first electrode 12 1n this way, an influence
on high-frequency resonance can further be reduced.

The capacitance element 22 can also be connected to the
first electrode 12 at a position within one third of the
clectrical length from the end portion of the first electrode 12
or can even be connected to the first electrode 12 at a
position within one sixth of the electrical length from the end
portion of the first electrode 12.

As shown in the exemplary embodiment, the RFIC chip
18, the inductance element 20, and the capacitance element
22 are arranged 1n a central portion in the width direction (Y
direction) of the first electrode 12.

An electrical configuration of the RFID tag 10 will be
described with reference to FIG. 2. FIG. 2 1s an equivalent
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circuit diagram of the RFID tag 10. In FIG. 2, for simplicity
of illustration, the first electrode 12 and the second electrode
14 are shown 1n a flat plate shape without bending of the end
portions.

The RFIC chip 18 has an internal capacity (i.e., a capaci-
tance) Cl that 1s a self-capacity of the RFIC chip 18.
Additionally, the RFIC chip 18 functions as a power feeding,
part of an antenna element made up of the first electrode 12.
The capacitance element 22 and the inductance element 20
form a matching circuit for matching impedance between
the RFIC chip 18 and the antenna element made up of the
first electrode 12.

When an impedance Z of the RFIC chip 18 is larger, the
RFIC chip 18 serving as the power feeding part can be
disposed closer to the end portion of the first electrode 12.
The impedance Z of the RFIC chip 18 1s about 1.2 k€2, for
example.

As shown 1n FIG. 3, the longitudinal length La of the first
clectrode 12 has A/2, which 1s a hall wavelength of the
communication frequency. The first and second short-circuit
parts 12¢, 12d connecting the first electrode 12 serving as the
antenna element and the second electrode 14 serving as a
ground are located at an intermediate position that 1s a
longitudinal central portion of the first electrode 12. If the
capacitance element 22 connected 1n series to the RFIC chip
18 and the first electrode 12 1s not included, currents flowing
from the respective longitudinal end portions of the first
clectrode 12 toward the center are reversed in current
directions and collide at this intermediate position. A null
point 1s the position where the current direction changes in
this way. The occurrence of the null point reduces the
directivity of radio waves transmitted and received by the
first electrode 12 serving as an antenna element.

It the capacitance element 22 connected 1n series to the
RFIC chip 18 and the first electrode 12 1s not included, the
clectric potential 1s high at the respective longitudinal end
portions of the first electrode 12, and the electric potential 1s
zero at the mtermediate position. Therefore, an electric field
1s generated from each of the longitudinal end portions of the
first electrode 12 toward the intermediate position, and an
clectric line of force as indicated by an arrow EL1 1s
generated. Therefore, the directivity of a monopole antenna
mode 1s provided.

If the capacitance element 22 connected in series to the
RFIC chip 18 and the first electrode 12 1s included, the
position of the null point shifts from the longitudinal inter-
mediate position of the first electrode 12 toward the longi-
tudinal end portion. Due to this shift of the null point, an
clectric line of force ELL2a extending from the end portion on
the side disposed with the RFIC chip 18 extends beyond the
intermediate position toward the end portion on the opposite
side of the first electrode 12. This makes the directivity
closer to that of a microstrip antenna (e.g., a patch antenna)
in which an electric line of force extends from one side of
an electrode serving as an antenna element to the other
opposite side. As described above, the null point can be
shifted to shift the position where the directivity of radio
waves 1s reduced, and a reduction in the directivity can be
suppressed 1n the direction perpendicular to the first elec-
trode 12 (0=0°) in which the directivity 1s required.

The communication characteristics of the first embodi-
ment will be described 1n more detail. FIG. 4 1s a graph
showing a VSWR characteristic of the RFID tag of the first
embodiment. FIG. 5 1s a graph showing the directivity of the
RFID tag of the first embodiment. FIG. 6 1s a graph Showmg
a VSWR characteristic of an RFID tag without the capaci-
tance element 22 connected 1n series as a comparative
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example. FIG. 7 1s a graph showing the directivity of the
RFID tag without the capacitance element 22 connected 1n
series as a comparative example. FIGS. 8A and 8B are
explanatory diagrams for explaining an angle of directivity.

In FIGS. 5 and 7, 0 indicates an angle between the Z axis
and the X axis on the X-Z plane as shown in FIGS. 8A and
8B. At 0=0° the direction i1s perpendicular to the first
clectrode 12 on the side opposite to the ground, which
indicates the directivity 1n the Z-axis direction. At =90°, the
direction 1s parallel to the longitudinal direction of the first
clectrode 12 on the power teeding part side, which indicates
the directivity 1n the X-axis direction of FIG. 8A. At 0=-90°,
the direction 1s parallel to the longitudinal direction of the
first electrode 12 of the side opposite to the power feeding
part. At 0=180° and —180°, the direction 1s perpendicular to
the first electrode 12 on the second electrode 14 side (1.¢., the
ground side).

As shown m FIG. 4, the RFID tag 10 of the first
embodiment has the lowest reflected voltage at 903 MHz
and 928 MHz. FIG. 5 shows a normalized antenna gain for
the angle 0. As shown 1n FIG. 3, 1n the RFID tag 10 of the
first embodiment, a characteristic line on the high frequency
side G2 of 928 MHz has the gain peak near 0=0°. On the low
frequency side of 903 MHz, the gain peak 1s near 0=20° to
40°,

The position of the null point located near 6° in the
comparative example as shown 1n FIG. 7 1s shifted to near
—-44° as shown 1n FIG. 5. The directivity peaks located near
—-40° to —60° and 60° to 80° 1n the comparative example as
shown 1n FIG. 7 are shifted to near 20° to 40° as shown 1n
FIG. 5. Therefore, a gap between the directivity peaks on the
low frequency side G1 and the high frequency side G2 1n the
RFID tag 10 of the first embodiment 1s reduced as compared
to a gap between the directivity peaks on a low frequency
side G3 and a high frequency side G4 of the comparative
example. Additionally, the gain can be increased near 0° at
which the directivity 1s most required 1n the RFID tag 10 of
the first embodiment.

FIG. 9 1s an explanatory diagram showing a model for
simulating the current characteristics of the RFID tag 10 of
the first embodiment. The RFID tag 10 1s placed on a metal
plate Ma with a lower surtace of the second electrode 14 1n
contact with a metal plate Ma. A length Lp 1n the longitu-
dinal direction of the metal plate Ma 1s 183 mm, and a length
Wp 1n the width direction 1s 105 mm. The first electrode 12
and the second electrode 14 made of copper have a thickness
of 4 um. In this example, the msulating substrate 16 1s made
of resin and has a length in the longitudinal direction of 103
mm, a length in the width direction of 25 mm, and a
thickness of 4 mm. A dielectric constant er of the insulating
substrate 16 1s 3.1. These sizes are examples of a model for
simulation, and the sizes of the RFID tag 10 to be used are
not limited to these values.

FIG. 10A 1s a plan view showing a direction of a current
at the time of resonance on the low frequency side 1n a
comparative example. FIG. 10B 1s a plan view showing a
direction of a current at the time of resonance on the high
frequency side in the comparative example. The RFID tag
10 shown m FIGS. 10A and 10B does not include the
capacitance element 22 connected 1n series. Therefore, as
shown 1n FIG. 10A, a null point Npl 1s located at the
longitudinal intermediate position of the first electrode 12.
Additionally, as shown in FIG. 10B, since the RFIC chip 18
1s disposed on the end portion side of the first electrode 12,
the current flows 1n one direction from one end side of the
first electrode 12 to the other end side at the time of
resonance on the high frequency side.
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FIG. 11A 1s a plan view showing a direction of a current
at the time of resonance on the low frequency side of the
simulation model. Since the capacitance element 22 1s
disposed 1n series with the first electrode 12 and the RFIC
chip 18, a null point Np2 1s moved toward the end portion
on the side opposite to the end portion disposed with the

RFIC chip 18. This changes the directivity of the RFIC chip
18.

FIG. 11B 1s a plan view showing a direction of a current
at the time of resonance on the high frequency side of the
simulation model. Since the RFIC chip 18 1s disposed on the
end portion side of the first electrode 12, the current at the
time of resonance on the high frequency side flows 1n one
direction from one end side of the first electrode 12 toward
the other end side as in the comparative example.

From the above description, the RFID tag 10 of the first
exemplary embodiment includes the RFIC chip 18 having
the first connection terminal 18a and the second connection
terminal 185, the first electrode 12 electrically connected to
the first connection terminal 18a of the RFIC chip 18, the
capacitance element 22 connected in series between the first
clectrode 12 and the RFIC chip 18, and the first short-circuit
part 12¢ and the second short-circuit part 124 connecting the
first electrode 12 and the second electrode 14 serving as a
ground at an intermediate position of the electrical length of
the first electrode 12. The electrical length of the first
clectrode 12 1s a half of the wavelength of the communica-
tion frequency of the RFIC chip 18, and the first connection
terminal 18a of the RFIC chip 18 i1s connected to the first
clectrode 12 at a position within one third of the electrical
length from an end portion of the first electrode 12. The
second connection terminal 1856 of the RFIC chip 18 1s
connected to the second electrode 14.

The first electrode 12 1s short-circuited with the ground at
the intermediate position of the electrical length of the first
clectrode 12 and therefore 1s configured to function as a
two-resonance antenna. Additionally, since the RFIC chip 18
1s disposed on the end portion side of the first electrode 12,
the RFIC chip 18 can be disposed in a portion with a low
current density on the first electrode 12. As a result, an
influence on high frequency resonance can be reduced. By
connecting the RFIC chip 18, the first electrode 12, and the
capacitance element 22 1n series to each other, the null point
on the low frequency side can be shifted. This can conse-
quently reduce a gap between the respective peak angles of
directivity on the high frequency side and the low frequency
side, so that the directivity of the RFID tag 10 can be
improved.

Moreover, the first connection terminal 18a of the RFIC
chip 18 1s connected to the first electrode 12 wvia the
capacitance element 22 at a position within one third of the
clectrical length from the end portion of the first electrode
12.

The inductance element 20 connected 1n parallel to each
ol the first connection terminal 18a and the second connec-
tion terminal 186 of the RFIC chip 18 1s mcluded. As a
result, an inter-terminal capacity between the first connec-
tion terminal 18a and the second connection terminal 185 of
the RFIC chip 18 can be canceled.

The first connection terminal 18a of the RFIC chip 18 1s
connected to the first electrode 12 at a position within one
sixth of the electrical length from the end portion of the first
electrode 12, and the second connection terminal of the
RFIC chip 18 1s connected to the second electrode 14 at a
position within one sixth of the electrical length from the end
portion of the first electrode 12. By disposing the RFIC chip
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18 closer to the end portion of the first electrode 12 in this
way, the mnfluence on high-frequency resonance can further
be reduced.

The 1nsulating substrate 16 1s included between the first
electrode 12 and the second electrode 14. As a result, the
permittivity becomes higher than air, and therefore, the
communication frequency can be shortened. By shortening
the communication frequency, the longitudinal length of the
first electrode 12 and the second electrode 14 can be
reduced, and the RFID tag 10 can be reduced 1n size.

Moreover, the first electrode 12 and the second electrode
14 have a rectangular shape, and the electrical length of each
of the first electrode 12 and the second electrode 14 1s the
clectrical length 1n the longitudinal direction of the first
clectrode 12 and the second electrode 14.

In addition, the respective longitudinal open ends of the
first electrode 12 and the second electrode 14 are bent to
come closer to each other. As a result, a capacity 1s generated
between the bent parts 12¢ and 14e respectively bent in the
first electrode 12 and the second electrode 14, so that the
communication frequency can be adjusted.

The first and second short-circuit parts 12¢, 124 each
connect longitudinal intermediate positions of the first elec-
trode 12 and the second electrode 14. For example, the first
and second short-circuit parts 12¢, 124 can be conductive
films or layers for connecting the longitudinal intermediate
positions of the first electrode 12 and the second electrode
14.

Moreover, 1n an exemplary aspect, the connection con-
ductor 28 that penetrates the insulating substrate 16 to
clectrically connect the first electrode 12 and the second
electrode 14 1s included, the second connection terminal 1856
of the RFIC chip 18 is electrically connected to the connec-
tion conductor 28, and the connection conductor 28 1s
located at a position within one third of the electrical length
from the end portion of the first electrode 12.

The connection conductor 28 1s located at a position
within one sixth of the electrical length from the end portion
of the first electrode 12.

In general, 1t 1s noted that the exemplary embodiments of
the present invention are not limited to the specific feature
described above and can be implemented 1n modifications as
follows.

In the exemplary embodiment, the second electrode 14 1s
configured to function as a ground on the assumption that the
RFID tag 10 1s athxed to a metal surface. However, 1n an
alternative aspect, when the second electrode 14 1s not
aflixed to a metal surface, a current also flows 1n the second
clectrode 14 1n a direction opposite to that of the first
clectrode 12 and exhibits the same function as the first
clectrode 12 as a radiation plate.

In the embodiment, the RFID tag 10 includes the second
clectrode 14 configured as a ground. However, 1n an alter-
native aspect, the RFID tag 10 may not include the second
clectrode 14 and, for example, as shown 1n FIG. 14, the first
clectrode 12 may be connected to a metal surtace 30a of an
article 30 made of metal. The first short-circuit part 12¢ and
the second short-circuit part 124 connect the central portion
of the main body part 12a of the first electrode 12 and the
metal surface 30a of the article 30. The second connection
terminal 1856 of the RFIC chip 18 may be connected to the
metal surface 30a of the article 30 via a plate-shaped
connection conductor 28A made of metal, for example.

In the exemplary embodiment, the RFIC chip 18 and the
first electrode 12 are connected via the capacitance element
22. However, 1n an alternative aspect, the first connection
terminal 18a of the RFIC chip 18 may be connected to the
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first electrode 12, and the capacitance element 22 may be
connected 1n series between the second connection terminal
1856 and the second electrode 14 serving as a ground.

EXPLANAITIONS OF LETTERS OR NUMERALS

10 RFID tags

12 first electrode

12a main body part

126 openming part

12c¢ first short-circuit part
12d second short-circuit part
12¢ bent part

14 second electrode

14a main body part

14¢ bent part

16 insulating substrate

16a region

18 RFIC chip

18a first connection terminal
1856 second connection terminal
20 1inductance element

22 capacitance clement

24 wiring part

26 clectrode surface

28 connection conductor

What 1s claimed:

1. An RFID tag comprising:

an RFIC chip including a first connection terminal and a

second connection terminal;

a first electrode electrically connected to the first connec-

tion terminal of the RFIC chip;

a capacitance element connected in series to the first

clectrode and the RFIC chip; and
short-circuit parts that connect the first electrode to a
ground at an intermediate position of an electrical
length of the first electrode that 1s a half of a wave-
length of a communication frequency of the RFIC chip,

wherein the first connection terminal of the RFIC chip 1s
connected to the first electrode at a position within one
third of the electrical length from an end side of the first
electrode, and

wherein the second connection terminal of the RFIC chip

1s connected to the ground.

2. The RFID tag according to claim 1, wherein the first
connection terminal of the RFIC chip 1s connected to the first
clectrode via the capacitance element at a position within
one third of the electrical length from the end side of the first
clectrode.

3. The RFID tag according to claim 1, further comprising
an inductance element connected in parallel to the first
connection terminal and the second connection terminal of
the RFIC chap.

4. The RFID tag according to claim 1, wherein the first
connection terminal of the RFIC chip 1s connected to the first
clectrode at a position within one sixth of the electrical
length from the end side of the first electrode, and the second
connection terminal of the RFIC chip 1s connected to the
ground at a position within one sixth of the electrical length
from the end side of the first electrode.

5. The RFID tag according to claim 1, further comprising
a second electrode that faces the first electrode, with the
second electrode being configured as the ground.

6. The RFID tag according to claim 5, further comprising
an 1nsulating substrate disposed between the first electrode
and the second electrode.
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7. The RFID tag according to claim 5, wherein the first
clectrode and the second electrode each have a rectangular
shape.

8. The RFID tag according to claim 7, wherein the
clectrical length of each of the first electrode and the second
clectrode 1s the electrical length 1n a longitudinal direction of
the rectangular shape of the first electrode and the second
clectrode.

9. The RFID tag according to claim 8, wherein respective
longitudinal open ends of the first electrode and the second
clectrode are bent towards each other.

10. The RFID tag according to claim 5, wherein the
short-circuit parts each connect respective longitudinal inter-
mediate positions of the first electrode and the second
clectrode to each other.

11. The RFID tag according to claim 6, further comprising
a connection conductor that penetrates the insulating sub-
strate to electrically connect the first electrode to the second
clectrode.

12. The RFID tag according to claim 11, wherein the
second connection terminal of the RFIC chip 1s electrically
connected to the connection conductor.

13. The RFID tag according to claim 12, wherein the
connection conductor 1s located at a position within one
third of the electrical length from the end side of the first
clectrode.

14. The RFID tag according to claim 13, wherein the
connection conductor 1s located at a position within one
sixth of the electrical length from the end side of the first
clectrode.

15. An RFID tag comprising;:

an RFIC chip that includes first and second connection
terminals;

a first electrode having a rectangular shape and being
clectrically connected to the first connection terminal of
the RFIC chip;

a capacitance element connected in series to the first
clectrode and the RFIC chip; and

at least one short-circuit film that connects the first
clectrode to a ground at an intermediate position of an
clectrical length of the first electrode that 1s a half of a
wavelength of a communication frequency of the RFIC
chip,

wherein the electrical length of the first electrode 1is
defined by a longitudinal length of the first electrode,

wherein the first connection terminal of the RFIC chip 1s
connected to the first electrode at a position within one
third of the electrical length from an end side of the first
electrode, and

wherein the end side of the first electrode 1s perpendicular
to the longitudinal length of the first electrode.

16. The RFID tag according to claim 15, wherein the
second connection terminal of the RFIC chip 1s connected to
the ground.

17. The RFID tag according to claim 16, further com-
prising an inductance element connected in parallel to the
first connection terminal and the second connection terminal
of the RFIC chip.

18. The RFID tag according to claim 16, further com-
prising a second electrode that faces the first electrode, with
the second electrode being configured as the ground.

19. The RFID tag according to claim 18, further com-
prising an insulating substrate disposed between the first
clectrode and the second electrode.

20. The RFID tag according to claim 19, further com-
prising:
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a connection conductor that penetrates the insulating
substrate to electrically connect the first electrode to the
second electrode,

wherein the second connection terminal of the RFIC chip
1s electrically connected to the connection conductor,
and

wherein the connection conductor 1s located at a position

within one third of the electrical length from the end
side of the first electrode.

¥ ¥ # ¥ o

5

10

14



	Front Page
	Drawings
	Specification
	Claims

